Angiostrongylus cantonensis is endemic in many parts of the world and is the most common cause of eosinophilic meningitis worldwide. We report 2 cases of locally-acquired Angiostrongyliasis in young children from Sydney, Australia. These cases illustrate the clinical challenges of the diagnosis and management of Angiostrongylus cantonensis infection.
CASE ONE
A 10-month-old girl presented after 6 days of lethargy and irritability. She had been sleeping poorly but had no anorexia, fever, or vomiting. She lived in suburban Sydney and was previously well and fully vaccinated. There had been no overseas travel, notable animal exposures, or history of mollusk ingestion.
She was irritable but alert and afebrile. Facial movements were subtly decreased and she was drooling but eye movements were complete. She had head lag and antigravity movements only in the upper limbs, and was unable to support her own weight. She was hypotonic and areflexic.
The blood leukocyte count was 9.7 × 10 9 cells/L (65% lymphocytes, 39% neutrophils, 3% eosinophils). Hemoglobin, platelet count, electrolytes, and liver function tests were normal. C-reactive protein and lactate dehydrogenase were not elevated.
Cerebrospinal fluid (CSF) analysis revealed 17 leukocytes/cmm (80% monocytes; 20% neutrophils), protein level of 0.52 g/L, and normal glucose and lactate levels. Magnetic resonance imaging (MRI) of the brain and spine showed mild enhancement of lumbosacral nerve roots. Neurophysiological studies performed on day 1 of admission were consistent with a proximal polyradiculoneuropathy. A presumptive diagnosis of Guillain-Barre syndrome was made and intravenous immunoglobulin was given. Over the next 14 days, she had ongoing irritability, low-grade fevers, mild diarrhea, and progressive weakness. Intravenous immunoglobulin was repeated on day 15 but in the days that followed, ocular and facial movements were lost, followed by an acute deterioration in consciousness. Repeat MRI brain showed reduced parenchymal volume and moderate leptomeningeal enhancement. Susceptibility-weighted imaging (SWI) showed numerous hypointense foci within the parenchyma.
Repeat lumbar puncture showed marked eosinophilic pleocytosis (1125 × 10 6 /L leukocytes; 55% eosinophils), low glucose level (<0.2 mmol/L), and elevated lactate level (8.1 mmol/L). CSF India ink staining, cryptococcal antigen, and polymerase chain reaction (PCR) tests for herpes simplex virus (HSV), cytomegalovirus, Epstein-Barr virus, enterovirus, and mycobacteria were negative. Serology for HIV, viral hepatitides, varicella, rabies, rickettsia, Lyme disease, human herpesviruses 6 and 8, toxocara, and Angiostrongylus cantonensis were all negative. Findings of echocardiography, abdominal ultrasound, funduscopy, bone marrow aspiration, and flow cytometry were unremarkable. Further neurophysiological studies demonstrated severe sensorimotor axonal neuropathy and marked denervation. High-dose corticosteroids were commenced on day 20. A brain biopsy performed 24 hours later demonstrated hemorrhagic leptomeningitis with a predominant plasma cell infiltrate and moderate reactive gliosis. There was infiltration of mediumsized vessels by inflammatory cells including eosinophils without definite evidence of necrotizing vasculitis. Albendazole and imatinib were commenced, followed by a reduction in the eosinophilia but ongoing clinical deterioration. Repeat brain MRI showed further hypointense foci on SWI and evolving cerebral edema and white matter changes ( Figure 1A ). The child remained unresponsive with generalized weakness, and electroencephalography was consistent with global encephalopathy. After discussion with the family, active treatment was withdrawn and the patient died on day 27 of admission.
At autopsy, numerous 10 -to 12-mm threadlike organisms were visible macroscopically in the lumbar subdural space and over the cerebral surface and brainstem ( Figure 2 ). Microscopically, both degenerate and viable organisms were seen in the subarachnoid space and central nervous system (CNS) parenchyma accompanied by patchy hemorrhagic meningitis in the brain and spinal cord. In the gray and white matter there were innumerable linear tracts of tissue destruction containing foamy macrophages, blood, and helminths ( Figure 3 ). Degenerate helminths were also detected within the pulmonary vasculature surrounded by inflammatory cells with a small pulmonary infarct. Helminths were identified as A. cantonensis, based on size, body shape, and long copulatory spicules in the male nematodes.
CASE 2
Two weeks after presentation of the child in case 1, a 14-month-old girl presented with 10 days of fever, irritability, early-morning vomiting, and dysconjugate eye movements. She was born in Sydney and resided within several kilometers of the first child. There had been no overseas travel or notable animal exposures.
She was irritable and lethargic with a bulging fontanelle. Upper limb movements were inexact with an intention tremor bilaterally. CSF demonstrated leukocytosis of 210 × 10 6 /L (45% eosinophils), protein level of 0.62 g/L, and glucose level of 0.6 mmol/L; the blood eosinophil count was 0.8 × 10 9 /L. MRI demonstrated multiple hyperintensities scattered throughout both cerebral and cerebellar hemispheres on T2 and fluid-attenuated inversion recovery sequences, and hypointensities in the cerebellar sulci on SWI. CSF cultures, cytology, India ink stain, cryptococcal antigen, and PCR for HSV, enterovirus, and meningococcus were negative. A presumptive diagnosis of A. cantonensis meningoencephalitis was made. Corticosteroids and albendazole were commenced, but albendazole was ceased after 10 days because of transaminitis.
Over the first week the child's condition worsened, with evolution of hydrocephalus requiring extraventricular drainage. Repeat MRI showed further focal hypointensities on SWI, particularly in the cerebellum ( Figure 1B) . Serial serum Angiostrongylus antibody testing was equivocal (0.39 IU and 0.32 IU) on days 5 and 21, and positive (0.74 IU) on day 24 of admission. A 10-week course of corticosteroids was titrated to her symptoms and eosinophil count, during which time her coordination improved. Three months after presentation, headaches and vomiting recurred due to progressive communicating hydrocephalus, requiring recommencement of steroids and acetazolamide, and insertion of a Rickham reservoir. Six months later she had recurrent symptoms of raised intracranial pressure after weaning of corticosteroids; CSF showed improved but persistent pleocytosis.
An attempt was made by public health officials to identify infected rats near the residences of each case, but none were caught. No common food or environmental source exposures could be identified.
DISCUSSION
Angiostrongylus cantonensis, the most common cause of eosinophilic meningoencephalitis worldwide, is endemic in the Caribbean, in East and Southeast Asia, and throughout the Pacific basin including Hawaii [1] and parts of Australia [2, 3] . Locally acquired human cases have also been reported from Brazil [4] , Africa [5] , and the United States [6] . The first reported human infection in Australia was in 1971 [7] ; although infection is well documented in animals [8] , only occasional autochthonous human cases have been reported since then [7] [8] [9] . To our knowledge these cases-which occurred within days of each other-are the first autochthonous cases among young children in the greater Sydney area.
In Australia, the definitive hosts are nonnative rats in whose pulmonary arteries and cardiac cavities adult worms lay their eggs [3, 10, 11] . These hatch in the lung capillaries and larvae pass from the alveoli up the trachea, and are then swallowed [3, 10, 12] . Larvae passed in the rat's feces are ingested by snails or other mollusks [3, 10] . Humans are infected by ingesting mollusks or possibly food contaminated with larvae, such as improperly cooked crustaceans or unwashed vegetables. Larvae penetrate the intestinal wall, entering the circulatory system before migrating to the CNS [3, 10] . Unable to complete their life cycle, the larvae die, leading to intense CNS inflammation. The finding of larvae in the pulmonary vasculature at autopsy of the first child has been reported in only a small number of cases previously [12] [13] [14] [15] , and suggests that some larvae successfully migrate beyond the CNS.
Among adults, infection most commonly results in selflimiting meningitis and deaths are rarely reported [16] . Among children, nonspecific features (ie, fever, somnolence, weakness, nausea, and vomiting) occur more frequently [3, 17] and death or severe disability from overwhelming encephalomeningitis appears to be most commonly reported among infants and toddlers [12, 13, 17, 18] . The initial clinical and neurophysiological features of the first child may reflect compression of nerve roots by larvae in the subdural space with ensuing distal Wallerian degeneration. The resultant flaccid paralysis masqueraded as Guillain-Barre syndrome, a pattern observed in young children previously [12] .
The present cases illustrate some of the clinical challenges posed by A. cantonensis infection, with respect to both diagnosis and management. A history of witnessed mollusk ingestion is often absent in cases among young children [19] , leading to uncertainty about the exact mechanism of infection. Blood or CSF eosinophilia may not be present at presentation [19] , and CSF eosinophils might not be distinguished from neutrophils without the use of dedicated stains [9] . Furthermore, seroconversion may be delayed or, as in the first child, might not occur [12] .
The MRI features of the present cases were distinctive. Generalized leptomeningeal enhancement [12, 20] and enhancing nodules on gadolinium-enhanced T1-images [13, 18, 20, 21] have been reported previously, as have normal MRI appearances [20] . The novel finding in both children of multiple hypointense foci on SWI sequences, known to accentuate paramagnetic properties of blood products [19] , appears to correspond to the many blood-filled tracts seen on histopathology ( Figure 3 ). The use of SWI might be an effective aid to diagnosis. Management is controversial [3] . Antihelminthics have been used to treat angiostrongyliasis in children [17] , but their role in the management of severe cases remains uncertain. Although they appear to reduce the duration of headache in typical cases [22] , accelerating the death of migrating larvae might paradoxically worsen symptoms by enhancing the immune response [23] . Corticosteroids, alone or in combination with antihelminthics, appear to be beneficial [24] . Although educating parents about the dangers of handling mollusks seems a sensible precaution, it is not clear that this will prevent those cases where ingestion is not observed.
We have described concurrent cases of severe hemorrhagic Angiostrongylus meningoencephalitis. Neither patient had a history of witnessed mollusk ingestion or travel outside Australia. Where available, SWI sequence on MRI may be an adjunctive tool for diagnosis. Clinicians should be aware of the geographic distribution of this worm and its potential to cause death and severe disability. Work is needed to better define the treatment of severe cases and to establish effective preventive strategies.
